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SUMMARYA The current evaluation studies under Contract No.

DAAK02-67-C-0219 on air breathing phosphoric acid fuel cells

have been concerned primarily witn a detailed investigatlon Uf

the most promising cell components available at the end of the

preceding contract period.

The performance characteristics of cell units with these

components are illustrated by the data given below.

125 0 C* 1500C**

Initial Cell Voltage at 100 mA/cm2 740 +10 mV 760 +10 mV

Degradation Rate in mV/l00 hrs. l mV -2.5 mV

Demonstrated Life >5000 hours >3000 hours

Air Flow requirements for water
balance at dew point 330 <550 ml/Amp/min.

* Pure hydrogen
•* Synthetic steam reformate (74.6% H2 , 22% C02, 3% 00, Balance CH4 )

At 15000 using synthetic steam reformate as fuel a cell

voltage of mere than .70 volts could be maintained for 2000-

2500 hours at 100 mA/cm2 . This is twice the life objective

of the contract.

Degradation rates are substantially lower at 125 0 C than at

150 0 C. At the lower temperature, however, because of anode

inhibition by carbon monoxide only pure hydrogen can be used as

fuel -- at least if platinum black is employed as catalyst.

Neither air humidity nor air flow rates materially influence

degradation rates provided the minimum requirements for water

removal are satisfied. At the highest humidity level to be

j.i



expected in practic% the flow requirement for maintaining

water balance is 550 ml/Amp/min. The cell performance is

strongly dependent on the geometry of' the current collector

gas di2t;ribution structure. The limiting factor appears to

be the necessity of making firm contact with the porous teflon

electrode while permitting the removal of reaction water from

the contact areas.
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1. INTRODUCTION

The objective of the cur-rent cnntract No. DAAK02-67-C-

021.9 has been to demonstrate a performance level of .70 volts

a. u100 mA/cm2 afb.r 1000 huui.o uf uePdticl fui£ the air - ,reath-

ing matrix type phosphoric acid fuel cell developed by the

Engelhard Minerals & Chemicals Corp. A catalyst loading of

12.5 mg/cm2 of cell area was to be used and synthetic steam

reformate containing 3% carbon monoxide was to serve as fuel.

These minimum objectives could be readily met already in

the preceding contract period. The main factor was the develop-

ment of a sufficiently stable and conductive matrix material

which was accomplished in a company-sponsored effort. The best

state of the art matrix cell initially delivers 70 watts/ft 2 at

.75 volts or 90 watts/ft 2 at .70 volts. The catalyst cost based

on performance after .000 hours at 100 mA/cm2 is of the order

or $650/Kw.

To improve upon this performance the most promising

approach appears to lie in an increase in power densities

even at a sacrifice of cell efficlency. Fortunately, .the

matrix type phosphoric acid cell lends itself for high power

den,,i,. . peratiou primarily because of the inherent simplicity

of water and waste heat removal.

The problem to be solved is one of maintaining low

degradation rates at high current densities. This may require

operating temperatures below 150*C to decrease catalyst
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recrystallization and the use of alloy catalysts on the anode

to minimize carbon monoxide inhibition. Erforts in trile

directio% .ulc, rc'"ul in a reduction of the nont of

materials in the future. Yet, even the performance level of

the avail.able cell units is sufficiently promising to warrant

the development of multi-cell stacks and the investigation of

temperature control and waste heat and water removal. Such an

effort has now been underway for some time under Contract No.

DAAK02-68-C-0407 with the objective of developing a stack to

deliver 200 watts. With this stack development in progress,

the evaluation studies on cell components have temporarily been

oriented more towards providing essential design data on the

state of the art cell unit rather than generation of data on

newly developed materials. Of specific interest were the following

points:

1) Reproducibility of initial cell performance and cell

degradation rates.

2) Effect of air pressure, flow rate and humidity on

degradation.

3) Effect of gasket and current collector materials on

cell life.

_4) Evaluation of advanced current collector structures.

-2-
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2. EXPERIMENTAL

The evaluation and testing undertaken in this contract

period was primarily conc rned with a detailed study of the

best available components rather than the evaluation of new

materials. Thus mostly the matrix designated as 169 containing

60.5 wt;.% phosphoric acid vas used. The electrodes had a

catalyst loading of 2.5 mg Pt black/cm2 on the anode and

10 mg Pt black/cm2 on the cathode. The cell size was 3.5 x 3.5

inches with an exposed area of 3 x 3 inches. As fuel pure

hydrogen or steam reformate with 74.6% H2 , 22% C00, 3% carbon

monoxide and .4% methane was employed. Per pass 75% of the

hydrogen in the steam reformate was utilized. The air delivered

to the cells was dried and purif'ied over molecular sieve.

2.1 Facilities for Cell Evaluation

The test set-up has been shown previously in detail (1).
some changes have been made on the test rig In the current

contract period in order to accomplish the following:

1) Decrease the back pressure on the air electrode.

2) Permit humidification of air.

3) Permit the evaluation of advanced cuurrent collector

structures.

Air' Back Pressure:

Prior to the present changes the valves and tubing down-

stream of the rest cell caused an aci back-pressure of aeveral

inches of water at the flow c' te. commonly unud. In order to

reduce this pressure 'he air i, now direetly vented irough ,

, i n . . . . . . . .



I

series of holes in the end plate3 into the heated chamber.

With precious metal screens as current oollectovs the back

pressure on the cathode decreased to about 1.5 inches of water

and to less thar .1 inch of water on aome experimental current

Current Collectors:

The testing of advanced current collectors has been taken

up in this contract period. The structuresi tested consist of

ribbed base metal plates as depicted in Figure 1. Plates with

open areas of 50, 60 and 75% were evaluated,

For, testing the current collector is inserted into a recess

on the stainless steel end plates. It is planned to do most

of the f'ture testing with these structures as more data becomes

available of their suitability.

Air Hum'idiftiation:

An aii humidifioation system was built to investigate the

humidity effect on degradation rates, The set-up consists of

an electrioally heated humidification chamber, a water reservoir

and stripper to prevent any, spray from reaching the test cell.

-4-
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Figure 1

Current Colle.tor and Gas Distribution
Structures for Air Breathing Phosphoric

Acid Fuel Cells
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2.2 Endurance Testing and
Evaluation cf Cell Components

All testing in this contract period was done at constant

current densitiea of 100 mA/cm2 or !40 mA/cm2 and temperatures

of 1250C and 14o-15 00c. Most tests were limited to less than

1000 hours although some of the endurance tests were carried

on in excess ot' 2,000 hours.

2.2.1 Testing of Gas Distribution

and Carrent Collector Structures

Until recently the evaluation of cell units was

accomplished exclusively in rigs in which pads of precious metal

screens served both for the purpose of gas distribution and

current collection. The resiliency of such pads has been a

major factor in obtaining uniform electrical contict even

making up for variation in the cell thickness. This is of

particular importance with the metallized teflon electrodes

because of their relatively low conddctivity.

-We now have underthken to replace these screens with

protected base metal structures such as depicted in Figure 1.

The problem in using these collectors io to de-elop structures

which are compatible with the characteristics of the porous

tefion electrode. The problem has been the rigidity of the

collector plates and the difficulty of making and maintaining

contact without excessive deformation of the electrode and

matrix and obstruction of the electrode process.

-6-
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Two types of assemblies being investigated with these

Srigid structures. In the first case, the stainless steel end-

plates with the collector inserts are pressed against spacer

gaskets which maintain the gap between the endplates at 37 mils.

Alternatively a spring loaded arrangement is used and a cunsLan_

pressure of 700 psig is applied onto the 3.5 x 3.5 inch cells.

The latter arrangement was used in moot 3f the preliminary
investigation. The following collector patterns were evaluated:

Groove Width Rib Width Groove Depth
A . 30 Milo 30 mils 60 mils

B. 30 mils 20 mils 30 mils

C. 30 mils 7-10 mils 30 mils

With col]ector A the initial cell performance was significantly

below that obtained with screens. An examination of the cells

indicated an accumulation of acid on the electrode at the areas

of contact. This was taken to indicate that transport of water

from these areas was a limiting factor. Pattern B with narrower

ribs showed a current-potential behavior almost identical with

screen collectors. Surprisingly, pattern C with even more

open area appearo to be inferior to B. A more detailed

evaluation of these and similar ctructures is underway and will

be discussed in the next report. At present one life test

with pattern B has been terminated after 2,000 hours of

testing. It Is discussed In section 2.2.4.

44r|
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2.2.2 Reproducibility of Cell Performance

While the contract objectives of a cell performance of

better than .70 volts after 1,000 hours at 100 mA/cm9 have been

.�.etith.-some of the cell -units towards the end of the last

contract period, the reproducibility of performance with the

best components remained to be established. The reproducibility

could now be demonstrated by the runs 5190, 5191 arnd 5215

(Tables 1, 1-1 and 1-2).

The iritial voltage variation at 100 mA/cm2 is less than

+10 mV and the decay rate is almost identical, namely 2.3 mV/

100 hours. Together, less than half of the degradation appears

to result from an increase in matrix resistance and a decay of the

fuel electrode (Tables 1-1, 1-2).

A cell life in excess of 2,000 hours is obtained to a cut-

0off voltage of .70 volts. There is some evidence for an increase

in the degradation rate after 2,500 hours, at least with impure

hydrogen (Figure 2).

A,t.a current density of 140 mA/cm2 a substantially

faster decay is encountered than at 100 mA/cm2 . This Is evident

from run 5181 (Table 2). With impure hydrogen as fuel the

decay rate is 5.8 mV/100 hours.

* 2.2.3 Effect of Cell Temperature on Degradation Rates

Since catalyst recrystallization is a predominant factor

in cell decay (2), a decrease in cell temperature should improve

performance stability particularly at higher current densities.

S~-8-
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Unfortunately, with platinum black as catalyst on the

fuel electrode, the sensitivity towards inhibition by carbon

monoxide increases markedly as the temperature is decreased

below 1500C. The possibility exists, however, to overcome this

problem by the use of alloy catalysts. Before taking up testing

with alloyed catalysts we have carried ouc two tests to establish

the degradation rates at lower temperatures. By using pure

hydrogen as fuel an indication could be obtained at least of the

stability of the air electrode and the electrolyte matrix under

the milder conditions.

The respective runs are 5183 at 100 mA/cm2 (Figure 2) and

run 5164 at 140 mA/cm2 .both at 1250C (Table 2). The first run

which is still continuing shows a degradation rate of .8 mV/iO0

hours as compared to 2.3 mV/l00.hours for a compa.rable run, for

instance 5191, at 1500C. Admittedly, in the latter run impure

rather than pure hyd- gen was used as fuel which may have slightly

accelerated the decay.

The second test at 1250C which was run at 140 mA/cm2

showed initially a fairly fast decay which after 500 hours

slowed down to a rate of approxiynately 1 mV/l00 hours. This

test (Run 5181) was carried on for a total of 5,000 hours with

an overall degradation rate of 2 mV/lO0 hours. Between 1000

hours and 3000 hours degradation is about 1 mV/l0b hours but the

rate accelerates after that time. Both tests demonstrate that

decay is significantly lower at 1250C than at 1500C particularly

at higher current densities.

-14-
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2.2.4 Effect of Humidity_ n Cell Degradation Rates

Up to now the cell testing was carried out with air of

low humidity content. The dew point in the early part of the

test program hzis been about 106C and presently with tne installa-

tion of a molecular sieve drier it is -4oCc. mDviously the

water content of the air admitted to the cell may effect both

the water balance, the performance level as well as the

degradation rate. An endurance test was set up to investigate

the humidity effect over extended periods of time at a saturation

level and temperature to simulate the worst conditions to be

encountered in practice. Since the water transport from the

electrode to the air stream may be a problem under these

conditions, we used a rigid ribbed current collector designated as

B (page 7) rather than a screen collector which due to its

ýarticular contact pattern may give results more favorable than

obtainable with other patterns.

The cell was first operated at a flow rate of 180 ml/

Amp/min. At this level the voltage was found to fluctuate

,';0-30 mV at a current density of 100 mA/cm2 . This was thought

to be an indication of partial electrode drowning. Consequently

the flow was increased and at 550 ml/Amp/min. a stable output

was obtained. The test was then carried on for a period of about

2000 hours. The data are summarized in Table 3. There is no

apparent cffect of the humidity on performance provided

the minimum air flow required for watr. removal is maintained.

Degradation in 2000 hours was 45 mV or about 2.3 mV/l00 hours, the

same as observed with dry air. Equally comparable to tests with dry

-15-
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u1
inlet air is the matrix stability and the difference between

pure and impure hydrogen.

Only a small number cf new matrix materials were evaluated

in this contract period. Among the matrices investigated were

those with the composition of' matrix 169 which, however, with the

aim of simplify.ng fabrication teohniquez were prepared by a

variety of new methods. The evaluation results obtained at

100 mA/cm2 are shown in Tablrs 1-1 and 2-2 (Runs 51761 5177 and

5216) and for 140 mA/cm2 in Table 2 (Runs 5.43, 5145, 5146 and

5149).

There is a surprisingly wide variation in performance

noticeable for the same m.atrix 2omposition depending on the

preparative method used. This is presumably related with its

effect on the continuity of the pore structure.

Runs 5176 and 5177 have very high degradation rates

particuiarly with impure hydrogen and so do all runs at

140 mA/cm'. Also the cell resistance does increase markedly

faster than with the standard 169 matrix.

The matrix tested in run 5216 shows a degradation rate

comparable to the standard 169 matrix both in respect to voltage

decay and resistance increase. This material, which was not

tested wish impure hydrogen in the initial evaluation, will be

subjected to further testing. Two totilly new materials were

tested in runs 5197 and 5199. The matrix materials are

-17-
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designated as 171 and 172 (Table 1). Both materials gave

encouraging results and warrant further investigation. Of

particular interest is matrix 171 because of its excellent

stability (Table 1-1).

2.2.6 Effect of Teflon Content in

Catalyst Layer on Electrode Life

The electrodes employed in the evaluation studies under

this contract are wet proofed by the addition of 20-25 wt.%

teflon to the catalyst layer. Little information is available

on the effect of variations of this teflon content in particular

in respect to cell life. Such a study was undertaken using

matrix 169 and teflon concentrations of 15, 30 and 40 wt.%.

Pertinent data appear in Tables 4, 4-1 and 4-2. Except for the

lowest teflon concentration, the initial performance is not

significantly affected by the teflon concentration. Cell

degradation, however, differs markedly and is lowest at a level

of 20-25% teflon. With 15 wt.% teflon the degradation is

particularly fast. In this case, Judging from the increase In

cell resistance (Table 4-1) and the accelerated decay with

impure hydrogen (Table 4-2), the problem is progressive

electrode drowning. Less obvious is the cause for the faster

decay at 30 wt.% and 40 wt.% teflon. It could be associated

with increased I.R. losses in the catalyst layer and reduced

availability of the platinum surface.

-18-
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Constcuction on Performance

We have noticed on certain occasions in the stack

development work under Contract No. DAAKO2-68-C-0407 a rapid

decline In. perfz----nae whi~ch. coud -nte explaind n th

basis of data available from single cell testing with 3,5 x

3.5 inch cells.

Possible poisoning effects were suspected from various

materials used in the cell construction. The effect of these

materials was systematically evaluated in a number of single

Icll experiments. Pertinent data are summarized in Tables 5,

5-1 and 5-2. They show the effect of copper and nickel additions

to the matrix and give an indication of the compatibility of the

rubber materials used as a. gasket. Copper has a very detrimental

effedt on oell performance particularly when impure hydrogen is

used as fuel. The effea.t of nickel is less severe. This is

attributed to some residual curing agent, a peroxide compound,

(Dicup R) whiah-inhibits the anodic reaction particularly when

carbon monoxide is present ih the fuel. Fortunately, this

compound can be. removed by vacuum treatment as shown in tests

5213 and 5194.

-22-
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TABLE 5-2

Performance Difference Between
Pure and Impure Hydrogen

(Current Density 100 mA/cm8 )

Te m p . l'F e t D r i n i f eY si tia "1 1 n tl 2 ,• 51 1 6 1 7 8 j 1 1 0o

(Vo tage differenci in mV)1

5188 140-9 19 10 - 44 36 Discontinaed

5192 i 18 - - 18 - 17 - 18 - 20 19-- ___________' - - - .'

5187 142-6 24 24 40 50 57 Discontinued

5213 149 23 15 13 - 16 .- - - 15

.2 4

-25-
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CONCLUS IONS

The evaluation otudies of tl-.e past contract period have

been useful in defining more clearly the conditions required

for optimum cell operation. Data have been accumulated on

the effect of temperature, air humidity, pressure or flow rate

on cell degradation, Also the relationship betwec) the geometry
of current collector-gas distribution structures and performancr

- T.has been studied.

As to be expected, degradation rates decrease substantially

"with a decrease in cell temperature particularly at higher ourrent

densities. This undoubtedly is related with the rate of catalyst

recrystallization. Air humidity and flow rate - provided water

balance is maintained - fortunately do not apnrar to affect the

degradation pattern, ,Tiere s some indication,. however, of. a ,i,,'.'. ,

slight acceleration of decay if a. pressure differentlal:exists ',

between anode and cathode'. This may be related -to 4a shilft in

the electrode-eleotrolyte interphase.

.The geomaory of current collector-gas distribution structures :

may signifioantly influence-ped..t~ormance. The problem is' one of

maintaining uniform contact of rigid structures with• the electrode

while still providing short enough a diffusion path at the

contact areas to remove the reaction water. With the por6us

teflon electrode this condition appears to be satisfied with

ribbed structures having a 30-mil groove and 20-mil rib width.

-26-
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FUTURE

We intend to undertake In the forthcoming contract period

investigations aimed at definini the conditions most favorable

for cell operation at current densitie.j 3ubstantially above

100 mA/cmg.

These investigations will entail rhe evaluation of

optimized matrix materials arid electrode structures and in

particular the study of alloy cc...lyst which may permit a

reduction of the anodio polarization. A full cell evaluation

of such catalysts will be preceded by screening tests in half

cells. Pull cell testing will be done at current densities of

150-200 mA/cm', temperatures below 1500C and impure hydrogen

as fuel.

We intend to employ in the course of. this evaluation work

to an Increasing extent current collector-gas distributi.on

. structures and cell ausembly conditions commengurate with the

I stack development in progress under Contract No. DAAK02-68-C-

, iw

0-27-
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